the development of the root system and increases the resistance of maize plants to periodic soil moisture deficits . Low spring temperatures limit phosphorus uptake. Currently, inhibition of plant development is observed at maize plantations due to stymied phosphorus and nitrogen uptake as a result of periodic temperature decreases in spring and soil drought (Ziadi et al. 2007 ). This particularly applies to new maize cultivars with different environmental and especially thermal requirements. These adverse phenomena can be counteracted by increasing the amount of nutrients missing in the soil solution using broadcast or row fertilisation ( Jagła et al. 2019) . To optimize the availability of nitrogen and phosphorus, especially at the initial growth stages, these nutrients can be applied in the seed-sowing zone, or at a distance from the seeds (Grant et al. 2001) . This applies to higher doses of mineral fertiliser. Such fertiliser application in the cultivation of agricultural plants is possible thanks to the continuous increase of the manufacture of better, more precise agricultural machines. Localized fertilisation is also used in weed control. Placing fertiliser in the soil improves plant nutrition, which results in higher competitiveness against weeds (Lègére et al. 2013) . The row application of the component has a positive effect on the development and yielding of maize, it reduces fertilisation costs, decreases the risks arising from the relocation of elements to ground and surface waters, and is beneficial in dry years . The purpose of the field experiments was to determine the effect of the depth of two-component mineral fertiliser (NP) placement in the soil layer on maize yielding.
MATERIAL AND METHODS
Experimental field. The field trial was carried out at the Department of Agronomy of Poznan University of Life Sciences, in the fields of the Gorzyń Experimental and Educational Unit, in the years 2015-2018. It was conducted for four years in the same random block design (split-split-plot) with 3 factors and 4 field replicates. The following variables were tested: A -1 st order factor -NP fertiliser sowing depth [A1 -0 cm (broadcast); A2 -5 cm (in rows); A3 -10 cm (in rows); A4 -15 cm (in rows)]; B -2 nd order factor -type of supplementary nitrogen fertiliser [B1 -ammonium nitrate (AN); B2 -urea (U)]; C -3 rd order factor-date of supplementary nitrogen fertilisation [C1 -before sowing; C2 -top dressing in the BBCH 15/16]. The same level of mineral fertilisation (100 kg N/ha, 30.8 kg P/ha and 107.9 kg K/ha) was applied in all experimental objects. Fertilisation was balanced against phosphorus, which was applied at the whole required dose in the form of ammonium phosphate (18% N, 20.2% P), according to the experimental design under the 1 st order factor. N and K fertilisation were performed before maize sowing using U (46% N) and potassium salt (60%). The fertiliser coulters (on objects with initial fertilisation) were set 5 cm aside from the seeds. The application depth of NP fertiliser was according to the 1 st order factor levels. Gross plot size: 24.5 m 2 (length -8.75 m, width -2.8 m). The net plot area for harvesting was 12.25 m 2 . Soil abundance in nutrients and soil pH before establishing the experiment in maize growing seasons are presented in Table 1 . The magnesium content in the soil was determined by the Schachtschabel method, potassium by the Egner-Riehm method, and phosphorus by the Olsen method. Meteorological conditions. Thermal conditions during maize vegetation in the years of research were similar to each other and averaged 15.2 °C in 2015; 15.6 °C in 2016; 14.2 °C in 2017 and 16.6 °C in 2018 (Table 2) . Definitely greater differences between years occurred in the amount of total rainfall. The highest sum was recorded in 2017 (553.0 mm), while the lowest sum of precipitation was recorded in the first and last year of the study: 279.3 mm and 230.3 mm, respectively ( Table 2) . Calculated hydrothermal coefficients of water preservation according to Sielianinow (Table 2) , taking comprehensively into account both air temperature and atmospheric precipitation, allowed to state that weather conditions for maize growth and development in two years of research were favourable (2016, 2017) , while in 2015 and 2018 unfavourable due to periodic soil moisture deficits.
Statistical analysis. The statistical analyses such as analysis of variance (ANOVA), Tukey's HSD (honestly significant difference) test for comparisons of 
RESULTS
Grain yield of maize and yield components. The different weather conditions in the study years 2015-2018 were reflected in the maize grain yield and its components (Table 3) . Significantly the highest mean yields, not differing from each other, were obtained in 2016 and 2017, and significantly the lowest yield was obtained in 2018 (Table 4 ). The analysed yield components, i.e., thousand-kernel weight (TKW), number of productive ears and number of kernels per ear, were also found to be highest in the years 2016 and 2017. Analysis of the whole plots (Table 3) showed no interaction of fertilisation depth (A) with study year (Y) for all studied traits. However, regardless of the year and other factors, the effect of depth of fertilisation on the grain yield and the number of kernels per ear proved to be significant. Table 4 shows that the use of fertilisation in each experiment at a depth of at least 5 cm resulted in a significant increase in the mean grain yield and the mean number of kernels per ear, while the depths of 10 cm and 15 cm did not significantly differentiate the values of either of these two traits. It was also found (Table 5 ) that the cultivar's response to the types of fertilisation used was uneven during the years of study. Significantly the highest yield was obtained in 2016 using both AN and U. The yields were also high in 2017, regardless of the type of fertilisation. The use of U in 2017 significantly reduced the mean grain yield compared with the previous year. Significantly the lowest grain yields occurred in 2018, regardless of the type of fertilisation used ( Table 5 ).
Irrespective of the study year and other factors, maize fertilised with AN had a significantly larger mean TKW than maize fertilised with U (Table 4 ). The grain yield also depended on the interaction effect of the type of nitrogen fertiliser with the depth of fertilisation and year. Considering these three factors, significantly, the highest yields occurred in 2016 and 2017, but combinations of fertilisation type and fertilisation depth did not differentiate significantly the mean yields in those years (Figure 1) .
In turn, analysis of sub-subplots (Table 3) showed that the date of nitrogen application, interacting with the year, had a significant impact on the yield of the studied maize cultivar and the number of kernels per ear. The highest mean grain yields were obtained in 2016 and 2017, but the date of application -before sowing or top-dressing at BBCH 15/16 -was not significant. Also, in 2018, when the mean grain yields were significantly the lowest, the date of nitrogen application was not significant ( Table 5 ). The date of application of nitrogen fertiliser had a large impact on the number of kernels per ear in 2017 when significantly the highest mean number of kernels per ear was obtained using fertilisation before sowing ( Table 5 ). Table 3 also shows a highly significant interaction effect of the type of nitrogen fertilisation and the date of fertiliser application, but only for the number of productive ears. For the other variables, no significant interaction between these factors was demonstrated. Detailed analysis (Figure 2) shows that the pre-sowing application of AN significantly increases the number of productive ears in comparison with top-dressing at BBCH 15/16. In turn, the use of U did not significantly affect the mean value of the number of productive ears. The date of application of this nitrogen fertiliser was not relevant, either.
The analysis in
A significant interaction was, however, found for the date of nitrogen application and type of nitrogen fertiliser with the year of research (Table 3 ). In 2016, significantly higher mean grain yields were obtained for each combination of levels of both these factors compared with the other years of research.
It was also noted that significantly the highest mean grain yield was obtained using the U fertilisation before sowing in 2016 (Figure 3) . A highly significant interaction effect was also found between the three considered agrotechnical factors, regardless of the year of research (Table 3) . A detailed analysis (Figure 4 ) showed a noticeable grain yield increase when any type of fertilisation was applied at a depth of at least 5 cm before sowing. Significantly the highest mean grain yield was obtained using U at a depth of 10 cm before sowing (9.85 t/ha).
DISCUSSION
Weather conditions in the growing season are a factor that largely determines grain yields (Paponov et al. 2005) . Two years of research, i.e., 2016 and 2017, were favourable in this respect for the development of maize, which was confirmed by high grain yields exceeding 10 t of grain/ha. In 2015, periodic soil moisture deficits occurred almost during the entire maize growing season (Table 2) . Moisture content was optimal only in June and July. However, the last year (2018) was the worst one in terms of the precipitation sum. In this year, only July was characterized by optimal soil moisture, while soil water deficit was recorded in the remaining months of the growing season. August turned out to be the worst month in this respect. Only 11 mm of rainfall was recorded during that month, with an average daily air temperature over 21 °C (Table 2) . Hence, the lowest maize grain yield of 6.74 t/ha can be explained by weather conditions prevailing in the last year of research. When fertilising maize using row method, the fertiliser was applied in a dense, moist soil layer, while in broadcasting, the fertiliser remains in a loosened top layer, and thus nutrient uptake during drought periods is limited. According to Barber (1984) , diffusion is the decisive process in transporting phosphorus to the roots. This process occurs faster in a moist rather than dry environment. Therefore, in the drought period, row fertilisation of plants is more effective than broadcasting in terms of uptake, especially of low-mobility components such as phosphorus. Soil richness determines the strength of the impact of deeper initial fertilisation on plant yielding (Pabin et al. 2004 ). In soil with lower phosphorus content (2015 and 2018), the application of this component in the form of mineral fertiliser enriches the soil and contributes to a significant yield increase. However, the efficiency of the localized application of phosphorus is definitely lower in rich soil (2016 and 2017). Penetrating plant roots have access to more nutrients and the effect of additional fertilisation does not have a strong yield-forming significance as is the case with low natural soil richness in this component. In the present study, the increase in grain yield as a result of row application of NP fertiliser in relation to broadcast fertilisation was at the following level regardless of the depth of application: 2015 -23%; 2016 -3.2%; 2017 -6.1%, 2018 -7.8%. Maize grain yield is largely determined by the availability of water. Water shortages in the plant limit the supply of leaf assimilates, which in the form of starch are deposited already at the early stages of grain development, leading to ovary necrosis and shedding of young grains. Water deficits also affect nitrogen transformations in the soil. Uptake of nitrate ion, which is only mobile in the aquatic environment, depends on the water content available in the soil. The number of grains in the ear is determined during the florescence of female flowers (Cirilo and Andrade 1994) , while conditions just before their flowering play the main role in shaping this grain yield component. Both water stress and the shortage of nutrients in the plant extend the period between full pollination and florescence of female flowers. According to Borras et al. (2003) , the rate of assimilate inflow to grains after the florescence of female flowers at the grain filling stage determines their final weight. Nevertheless, in the present study, row fertilisation was on average more effective compared to broadcast fertilisation during 4 years of research. The grain yield increase was recorded at the following level: 5 cm -11.2%; 10 cm -9.8%; 15 cm -6.8%. Higher grain yields obtained under row fertilisation were also obtained by Mascagni and Boquet (1996) and . Ochal et al. (2015) examined the effect of maize fertilisation method on the growth and development of the maize root system and found that the best results were obtained in the object where the initial dose was located at a depth of 5 cm and or 2 cm below the maize grain. In turn, Pabin et al. (2004) found that a positive correlation between the depth of placing the fertiliser in the soil and crop yields was mainly determined by the weather, especially rainfall. In the case of its deficit, there is a clear positive impact of the deeper placement of NPK fertilisers in the soil profile. The results obtained in the present study confirm earlier literature reports (Su et al. 2015) . According to these authors, it is not recommended to apply surface fertilisers under drought stress. Only deep application of the fertiliser reduces the effects of drought, thereby increasing plant productivity. However, according to these authors, such fertiliser application requires increased expenditure on the application of the component itself.
